ronal defect after implant placement results in poor osseointegration and increase the risk of implant failure. Nowadays, many implant systems are available and each system uses several types of surface treatment, aiming for optimal bone-implant contact.
Several studies have shown that the existence of surface roughness increase bone-implant contact 3, 4) . The roughness seems to favor the migration of undifferentiated mesenchymal cells, which cover the implant surface and maximize new bone formation 5) . Many types of surface treatment have been proposed for increasing implant roughness. These include acid etching of the pure titanium surface, application of titanium plasma spray, blasting with different substances, oxiding the TiO 2 surface, and incorporating hydroxyapatite (HA). Experimental studies using various rough surface implants demonstrated significantly higher removal torques, and a higher percentage of direct bone-implant contact 3) than smooth surface titanium implants.
HA coated dental implants have shown excellent bone-to-implant contact and clinical survival rate 6) .
HA is an osteoconductive and osteoinductive ceramic and it promotes strong biological bonding between implants and bone tissue. HA ceramics have biocompatibility, which induces superficial topographic irregularities. Laboratory animal studies and experiences with human suggested that HA coated dental implants could induce a chemical bond with bone and achieve biological fixation. Several studies have shown an increase of new bone formation in the initial stage of osseointegration with the development of osteophylic surface 7) . But controversy still persists over the long-term clinical effectiveness of HA-coated dental implants, because some reports suggest that the HA coating may separate from the substructure, undergo dissolution in tissue fluids, and contribute to rapid breakdown around the implants [8] [9] [10] . 2) Newly formed bone density(%) within the threads in the coronal 5mm of the implant.
Statistical Analysis
The means and the standard deviation for each of the 6 groups were calculated. The significance of the difference for the groups was determined by the Kruskal-Wallis test (P＜0.05).
Results

Clinical findings
During the postoperative period, healing was uneventful and implants were well-maintained. There were no signs of inflammation observed in the mucosa adjacent to the implants.
Histologic anlysis
Histologic analysis of the implants demonstrated newly formed, compact, mature bone with nearby marrow space, but there were volumetric differences between groups (Fig. 1~6 ). In the control-anodized surface group, most of the coronal gaps were not fill -ed with bone, and minimal new bone formation was shown ( Fig. 3) . Coronal gaps were filled with loose connective tissues, and apical migration of epithelium was observed. The microthreads portion of the implant in the control groups did not show osseointegration. 
Experimental group 3 -anodized surface with 150nm
HA coating and no heat treatment-showed minimal bone fill and less osteointegration as that of the con-In grafted case, the alloplastic material to the gaps-experimental group 4, 5-, most of the coronal gaps were filled with newly formed bone and the remaining graft particles ( Fig. 7, 8 ). The newly formed bone was observed above the implant top and favorable bone to implant contact was also seen. Some trol ( Fig. 6 ). There was connective tissue invasion and bony resorption in the coronal microthreads. 
Histometric anlysis
The results from the histometric analysis are presented in Table 1 
Discussion
In the late 1950s, Brﾟ anemark predictably achieved an intimate bone-to-implant apposition that offered sufficient strength to cope with load transfer. This phenomenon is called"osseointegration"and after that a series of screw-shaped, commercially pure titanium implants were inserted in the edentulous area.
Since that time, millions of patients have been treated worldwide using dental implant, and now, dental implant treatment has obtained general consent by most of the clinicians. A key element in the reaction of hard and soft tissues to an implant involves the implants surface characteristics-the chemical and physical properties. It is generally believed that the rough surfaces accelerate the initial healing phase and enhance bone formation at the implant surface 4, 12, 13) .
Roughening the topography of the implant surface by applying a porous coating or surface treatments may promote osteogenesis by enhancing osteoblast metabolic activity and cellular adhesion, increasing surface area, and stabilizing the fibrin scaffold. Thus faster bone apposition can be achieved with roughened surfaces compared to machined surfaces 14) . The chemical nature of the implant surface can be modified by surface coating. Some materials, as well as various surface characteristics, enhance bone apposition at the implant surface in an osteoconductive manner.
Calcium phosphate, especially HA have been a popular coating material because of its resemblance to bone tissue. HA is an osteoconductive and osteoinductive ceramic and it promotes strong biological bonding between implants and bone tissue. Although long-term clinical studies have presented highly successful results for HA-coated implants 6, 7, 15) , some researchers have expressed concerns about the potential for dissolution, resorption, and detachment of the coating, which may promote the loss of osseointegration [8] [9] [10] . Usually this may be due to the macroscopically visible surface roughness. Macroscopically rough surfaces have the tendency of progressive bone loss, susceptibility to the contamination of oral bacteria and leading ultimately to implant loss.
In the present study, nano scaled HA coated im- 16) . Our results may be due to these characteristics of oxidized implant. And HA must be resorbed according to the bone healing time and must be replaced with bone. However, it is unfavorable for the bone to be replaced and takes more time to resorb as the layer gets thicker.
In terms of heat treatment, we compared the same thickness HA coated implant with or without of 430ﾟC heat treatment. Oonishi et. al 17) suggested that the amorphous phase of the coatings, which has a greater resorption in vivo than crystalline HA coating, can accelerate the early fixation of the implant with bony tissue and promote fast bone remodeling and attachment. However, it is also known that a high concentration of amorphous phase in the coating layer can cause excessive dissolution and consequently reduce the coating integrity of the implants. In addition, in vitro and vivo research also suggested that the crystallinity of HA coatings is essential to their biocompatibility and early performance compared to machined implants 18, 19) . In our results, anodized surface with HA coating, no heat treatment showed minimal bone fill and less osseointegration as that of the control group. The reason for this being is that there is fast melting characteristic with amorphous HA layer when there is no heat treatment, in consequent, there is an unfavorable effect in terms of osseointegration and there happens to be a gap between the implant surface and the bone surface.
In this study, circumferential parallel 2mm defect was created surgically. Several studies suggested that gaps larger than 2mm resulted in a smaller amount of direct bone to implant contact 20, 21) . Clinically many methods have been introduced to overcome the coronal gap associated with immediate implant [22] [23] [24] . Additionally, bone particles were grafted into the surgically created gaps for evaluating the synergistic effects of bone materials and HA surface of implants. Bone material (Osteon ® ) is the mixture of HA and beta-tricalcium phosphate (ß-TCP). HA provides a good scaffold for the new bone to growth, but has poor regeneration potential. ß-TCP has good bone regeneration potential, but is not able to provide sufficient space for bone growth. Mixing HA and ß-TCP permits the association between the physic-chemical properties of each compound. Recent studies have suggested the stability and effectiveness of the mixture of HA and ß-TCP 25, 26) . The present study showed the superior results in histologic and histometric analysis. Most of the gap areas were filled with newly formed bone. In some histologic view, we can see that the new bone was formed above the implant top. In BIC and bone density parameters, it also showed also favorable values compared to the other groups.
The object of this study was to evaluate the effects of HA coating to the anodized surface of dental implant, and the synergistic effects of bone graft. As a result, the thin coating of HA to the implant surface enhanced the osseointegration even in the surgically created gaps. And additional bone graft synergistically promoted the new bone formation in HA coated dental implants.
In conclusion, even if more researches are necessary on the long term effects of HA coated implants, HA coated dental implants appeared to have significant effects on the development of new bone formation. And additional bone graft is an effective method in overcoming the gaps around the implants.
